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Motivation – Catalysis, Drug Design 
Motivation - Previous Work on Ruthenium Diatomics 
•  RuC:	  Scullman	  et	  al.,	  Phys.	  Scr.	  3,	  19(1971),	  Morse	  et	  al.	  (1998),	  
Steimle	  et	  al.	  (2003),	  Cheung	  et	  al.	  (2014).	  
–  1Σ+	  from	  σ2δ4π4	  conﬁguraJon	  
•  RuO:	  Raziunas	  et	  al.,	  J.Chem.Phys.	  43,	  1010(1965),	  Scullman	  et	  al.	  
(1975),	  Cheung	  et	  al.	  (2013)	  
–  5Δi	  from	  δ3σ1π2	  conﬁguraJon	  
•  RuN:	  Ram	  et	  al.,	  J.	  Chem.Phys.	  109,	  6329(1998),	  Ram	  et	  al.	  (2002),	  
Steimle	  et	  al.	  (2003)	  	  
–  2Σ+	  from	  π4δ4σ1	  conﬁguraJon	  
•  RuF:	  	  Steimle	  et	  al.,	  J.Chem.Phys.	  124,	  024309(2006).	  
–  4Φi	  from	  δ3σ1π3	  conﬁguraJon	  
•  RuSi:	  Morse	  et	  al.,	  J.Chem.Phys.	  127,	  084317(2007)	  
–  3Δ3	  from	  π4δ3σ1	  conﬁguraJon	  
•  RuB:	  Cheung	  et	  al.,	  Chem.Phys.Let.	  547,	  21(2012).	  
–  2Δi	  from	  σ2π4δ3	  conﬁguraJon	  
•  RuH:	  Balasubramanian	  et	  	  al.,	  Chem.	  Phys..	  140,	  243(1990).	  
–  4Σ-­‐	  from	  σ1δ2π4	  conﬁguraJon	  è	  theoreJcal	  predicJon	  
•  RuP:	  no	  experiments/no	  theoreJcal	  predicJons	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B	  
C	  
Timing	  Scheme	  	  
(repeJJon	  rate	  of	  
10Hz):	  
	  	  	  	  	  	  A	  =	  T0	  	  
	  	  	  	  	  	  B	  =	  T0	  +	  500µs	  
	  	  	  	  	  	  C	  ≈	  T0	  +	  100µs	  
Apparatus 
Theoretical Predictions for RuH 
Rotationally Resolved Spectrum of RuH 
Rotationally Resolved Spectrum of RuD 
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Dispersed Fluorescence Spectrum of RuH 
Wavelength Selective Detection 
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PGOPHER Simulation of [20.8]4Σ- - X4Σ- 
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   PGOPHER	  Fiied	  Values	   Balasubramanian	   Diﬀerence	  
B"	  (cm-­‐1)	   5.628	  ±	  0.047	   	  -­‐	   -­‐	  
D"	  (cm-­‐1)	   -­‐0.00474	  ±	  0.0021	   	  -­‐	   -­‐	  
λss"	  (cm-­‐1)	   -­‐0.8065	  ±	  0.13	   -­‐	   -­‐	  
B'	  (cm-­‐1)	   4.914	  ±	  0.063	   	  -­‐	   -­‐	  
D'	  (cm-­‐1)	   -­‐0.0227	  ±	  0.0024	   	  -­‐	   -­‐	  
λss'	  (cm-­‐1)	   -­‐13.392	  ±	  0.25	  	   	  -­‐	   -­‐	  
Origin	  (cm-­‐1)	   20782.8	  ±	  0.47	   	  11964	   8819	  
R"	  (Å)	   1.732	  ±	  0.05	   1.547	   0.185	  
R'	  (Å)	   1.853	  ±	  0.06	   	  1.722	   0.131	  
Molecular Constants for RuH 
Low Resolution Spectrum of RuP 
From	  DFs:	  
ω	  ≅	  515	  cm-­‐1	  
576.5	  nm	  	  
591.8	  nm	  	  
High Resolution Spectrum of RuP 
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Loomis-Wood Plot for some branches of RuP 
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•  Numerous	   branches	   have	   been	   idenJﬁed	   for	   ﬁve	  
isotopologues	  of	  RuP	  
•  Δ1F	   ground	   state	   combinaJon	   diﬀerences	   for	   102RuP	   give	  
integer	  quantum	  numbers	  consistent	  with	  a	  Σ	  electronic	  state	  
and	  yield	  a	  B"	  value	  of	  0.34598	  cm-­‐1.	  
•  Upper	  state	  combinaJon	  diﬀerences	  seem	  to	  give	  half-­‐integer	  
quantum	  numbers	  but	  the	  eﬀecJve	  B	  value	  is	  not	  constant.	  
RuP Results 
Future Work 
•  Take	  high	  resoluJon	  data	  for	  RuH/D	  in	  order	  to	  resolve	  the	  
isotopologues.	  
•  Solve	  the	  mystery	  of	  the	  excited	  state	  of	  RuP	  
	   Acknowledgements 
•  Joyce	  MacGregor,	  Jacob	  Dore	  
